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OVERVIEW OF CREW MEMBER ENERGY EXPENDITURE 
TASK PERFORMANCE 
DURING SHUTTLE FLIGHT 61-B EASE/ACCESS 
I n  t h i s  paper we r e p o r t  t h e  energy expend i tu re  o f  S h u t t l e  F l i g h t  61-B 
crewmembers d u r i n g  e x t r a v e h i c u l a r  performance of EASE and ACCESS c o n s t r u c t i o n  
system tasks.  
w i t h  s p e c i f i c  EASE and ACCESS t a s k s  and crew comments. Average e x t r a v e h i c u l a r  
a c t i v i t y  (EVA) metabol i c  r a t e s  a r e  computed and compared w i t h  those p r e v i o u s l y  
r e p o r t e d  f r o m  p r e v i o u s  Apol lo ,  Sky lab and S h u t t l e  f l i g h t s  ( r e f .  1, 2, 3). 
These da ta  r e f l e c t  t o t a l  energy expend i tu re  and n o t  t h a t  o f  i n d i v i d u a l  
muscle groups such as hand and forearm. When c o r r e l a t e d  w i t h  s p e c i f i c  EVA 
tasks  and subtasks, t h e  metabo l ic  p r o f i l e  da ta  i s  expected t o  be u s e f u l  i n  
p l  anni ng f u t u r e  EVA p r o t o c o l  s. For example, a f t e r  e x p e r i e n c i n g  h i g h  work 
r a t e s  and apparent overheat ing  d u r i n g  some Gemini EVAs ( r e f .  4, 5 )  i t  was 
found useful  t o  c a r e f u l l y  mon i to r  work r a t e s  i n  subsequent f l i g h t s  t o  assess 
t h e  adequacy o f  c o o l i n g  garments and as an a i d  t o  p rep lann ing  EVA procedures. 
These da ta  c o n s i s t  of metabo l ic  r a t e  t i m e  p r o f i l e s  c o r r e l a t e d  
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FLIGHT 61-6 E V A - 1  ACCESS METABOLIC RATE PROFILES 
F igu re  1 i l l u s t r a t e s  the  r a t e s  o f  t o t a l  energy expendi ture o f  each crew- 
member du r ing  t h e  ACCESS phase o f  EVA-1. The mean metabol ic  ra tes  were 1144 
BTU/Hr f o r  E V 1  and 892 BTU/Hr EV2. EV1  and EV2 are crewmember des ignat ions.  
I n d i v i d u a l  tasks are  shown on t h e  top  o f  t he  f i g u r e ,  c o i n c i d i n g  w i t h  t h e  
t ime l ines .  As would be expected, t h e  h ighes t  work ra tes  were du r ing  the  
bu i ld -up  o f  t he  bays and again d u r i n g  t h e  disassembly. These data a re  based 
on oxygen u t i l i z a t i o n ,  t h e  average energy re lease per  u n i t  o f  oxygen being 
4.82 K c a l / l i t e r  o r  380 BTU/mole ( r e f .  6). ACCESS requ i red  considerable work 
by the  hands, bu t  t h e  t o t a l  work ou tpu t  does no t  r e f l e c t  hand f a t i g u e  o r  
d i f f i c u l t i e s  w i t h  handgr ip s t rength.  EVA crewmembers were asked t o  comment on 
r e l a t i v e  thermal comfort. For t h i s  reason both made m u l t i p l e  comments on 
hand, f o o t  and ex t remi t y  cool ing.  These comments should no t  be i n t e r p r e t e d  as 
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I FLIGHT 61-B EVA-2 ACCESS METABOLIC RATE PROFILES 
F igure  2 i l l u s t r a t e s  t h e  r a t e  of energy expendi ture o f  each crewmember 
Again, 
as a f u n c t i o n  o f  t ime  d u r i n g  t h e  ACCESS p o r t i o n  o f  EVA-2. 
r a t e s  f o r  the  ACCESS p o r t i o n  o f  EVA-2 were somewhat lower  than du r ing  the  
f i r s t  EVA (EVA-l), i.e., 924 BTU/Hr f o r  E V 1  and 680 BTU/Hr f o r  EV2. 
t h e  h igher  r a t e s  occurred du r ing  the  bu i ld -up  and disassembly o f  t he  bays. 
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FLIGHT 61-B EVA-1 EASE METABOLIC RATE PROFILES 
F i g u r e  3 i l l u s t r a t e s  t h e  r a t e s  o f  t o t a l  energy expend i tu re  o f  each o f  t h e  
two crewmember d u r i n g  t h e  EASE phase o f  EVA-1. The h i g h e s t  work r a t e s  a r e  
recorded f o r  EASE 3 and EASE 7 subtasks. 
d u r i n g  t h e  f i r s t  f o u r  assemblyldisassembly c y c l e s  w h i l e  EV2 was i n  t h e  h i g h  
man pos i  ti on. 
f i c a n t l y  as he assumed t h e  low-man p o s i t i o n .  
unstow each o f  t h e  s i x  beams, connect t h e  t h r e e  v e r t i c a l  beams t o  t h e  base 
c l u s t e r ,  t r a n s l a t e  t o  t h e  t o p  and h e l p  j o i n  one o f  t h e  h o r i z o n t a l  beams t o  t h e  
v e r t i c a l  beams, and then r e s t  on t h e  beams as they  were removed. Both crew- 
members r e p o r t e d  t h a t  t h e  task  was f a t i g u i n g  f o r  t h e  f r e e - f l o a t i n g  crewmember 
who had t o  m a i n t a i n  c o r r e c t  body p o s i t i o n  w h i l e  u s i n g  hand and forearm 
s t r e n g t h  t o  t o r q u e  t h e  beam i n t o  p lace.  
t o t a l  metabo l ic  work r a t e s  may n o t  r e f l e c t  t h e  crewmembers' f a t i g u e  caused by 
d i f f i c u l t i e s  w i t h  one s e t  o f  muscles such as t h e  arm and forearm area. 
EV1 was i n  t h e  low-man p o s i t i o n  
The low man was r e q u i r e d  t o  
A f t e r  they  swi tched p o s i t i o n s  EV2's work r a t e  increased s i  gn i  - 













I I I I I I I 1 I I 
20 40 60 80 100 120 140 160 180 200 
PHASE ELAPSED TIME (MINUTES) 
F i g u r e  3 
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Al though m e t a b o l i c  r a t e s  a r e  o f t e n  descr ibed as i f  they  were a p r e c i s e  
f u n c t i o n  o f  a g iven  work task,  t h e  v a r i a t i o n  among i n d i v i d u a l s  reminds us t h a t  
t o t a l  metabol ism i s  a f u n c t i o n  o f  body mass as w e l l .  When t h e  d i f f e r e n c e s  i n  
t o t a l  body energy o u t p u t  d u r i n g  t h e  F l i g h t  6 1 4  €VAS a r e  c o r r e c t e d  f o r  body 
weight,  t h e  r a t e s  a r e  almost i d e n t i c a l  f o r  t h e  2 crewmembers. Table I shows 
t h e  computations i n  terms o f  BTU/Hr and a l s o  BTU/Hr/Lb f o r  bo th  €VAS broken 
down i n t o  t h e  ACCESS and EASE phases. 
t h e  EASE and ACCESS phases, a l though t h e  peak metabo l ic  r a t e s  d u r i n g  t h e  EASE 
phase a r e  h i g h e r  (Fig.  3) .  
The mean metabo l ic  r a t e s  a r e  s i m i l a r  i n  
~ ~ ~ ~~ __ 
CREWMEMBER (BTU/HR) CREWMEMBER (BTU/HR/LB) 
EV 1 EV 2 EV 1 EV 2 
1144 892 6.0 6.5 
1084 869 5.7 6.3 
FIRST EVA (61-6) METABOLIC RATES 
ACTIVITY 
ACCESS 
CREWMEMBER (BTU/HR) CREWMEMBER (BTU/HR/LB) 
EV 1 EV 2 EV 1 EV 2 
924 680 4.8 4.9 
SECOND EVA (61-6) METABOLIC RATES 
I 916 I 672 I REMAINDER OF I EVA 4.0 4.9 
F i g u r e  4 
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PROBABILITY DENSITY PLOTS FOR APOLLO, SKYLABS, 
AND SHUTTLE METABOLIC RATE DISTRIBUTIONS 
I I 1 I I 
These p l o t s ,  F i g u r e  5, based on es t imated  means and s tandard d e v i a t i o n s  
i l l u s t r a t e  t h e  spread and c e n t r a l  tendency o f  each of t h e  t h r e e  s e t s  of 
average EVA metabol i c  r a t e  measurement, i .e., Apol l o ,  Sky1 ab and S h u t t l e .  The 
average metabo l ic  r a t e  d u r i n g  t h e  A p o l l o  EVAs was 235 Kcal /Hr (940 BTU/Hr) and 
t h e  Skylab EVAs averaged 238 Kcal /Hr  (952 BTU/Hr). The average metabo l ic  r a t e  
d u r i n g  S h u t t l e  EVAs was somewhat l o w e r  a t  197 Kcal /Hr  (788 BTU/Hr). 
t h e  mean o f  t h e  S h u t t l e  d a t a  i s  s i g n i f i c a n t l y  lower  than t h a t  of p rev ious  
programs, a wide v a r i a t i o n  i n  energy requirement e x i s t s ,  depending on t h e  






















APOLLO 235.1 27.6 
SKYLAB 238.4 51.2 






-- - SHUTTLE --- APOLLO 
SKYLAB 
100 125 150 175 200 225 250 275 300 0 
M ETAB 0 LI C RATE (KCAL/H 0 U R) 
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